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SFUND RECORDS CTR
0639-02336

Amoco Corboré?i o;, e
200 East Randolph Drive :

Chicago, lllinois 60601 SFUND RECORDS CTR
Environmental Affairs & S 88041011

Philip C. Morris

Superfund Coordinator

August 27, 1992 :';;Rggtﬁ@

SEND VIA FEDERAL EXPRESS

Mr. Tom Dunkelman (H-7-1)

U. S. Environmental Protection Agency, Region IX
75 Hawthorne Street

San Francisco, California 94105

Dear Mr. Dunkelman:

Del Amo Superfund Site
Los Angeles, California

Pursuant to our August 14, 1992, telephone conversation, the following
paragraphs are responsive to USEPA’s July 20 Information Request
regarding the above subject. The nomenclature used in the responses is
consistent with that of the questions contained in Attachment B of the
Agency’s Information Request.

1. Amoco Chemical Company (ACC) is currently the owner of approximately
2.1 acres of property identified as 1225 West 196th Street, Torrance,
California 90502-1199. The property is further described as follows:

Parcel 1: The easterly 258 feet of the westerly 467 feet of the
south 3 acres of lot 5 of Tract No. 4671, in the county of Los
Angeles, state of California, as per map recorded in book 56 pages
30 and 31 of Maps, in the office of the county recorder of said
county. :

Parcel 2: The northerly 12-1/2 feet of the easterly 258 feet of
the westerly 467 feet of lot 6 of the Tract No. 4671, in the county
of Los Angeles, state of California, as per map recorded in book 56
pages 30 and 31 of Maps, in the office of the county recorder of
said county.

ACC previously owned 1.54 acres purchased in 1974 from CC&F Western
Development Co., Inc., c¢/o Stephens, Jones, La Fever & Smith (MILM), 800
Wilshire Boulevard, Los Angeles, California 90017, and sold in 1979 to
Cadillac Fairview/California, Inc. 2200 West Artesia Boulevard, Compton,
California 90220. The property is further described as follows: v

Parcel A of Parcel Map L. A. No. 3041, as filed August 22, 1975, as
Instrument No. 5046 in Book 61 at Pages 81 and 82 of Parcel Maps,:.
Los Angeles County, California.
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2. ACC has conducted several environmental investigations of the
property described as Parcels 1 and 2 in the above response. Copies of
the investigation reports are enclosed for your reference. A summary of
the reports’ findings has also been prepared and is enclosed.

3. In 1988, in anticipation of reconstruction activities, a voluntary
soll sampling program was conducted. Laboratory analyses indicated the
presence of volatile organic compounds (VOC) in the parts per million
range in shallow soils at some locations of Parcels 1 and 2.
Approximately 200 tons of soils excavated for construction purposes were
transferred to the USPCI waste disposal facility at Grassy Mountain,
Utah.

4. 1In the operation of a polystyrene manufacturing facility, minor
surface spills or leaks may occasionally occur from various pieces of
equipment such as pumps, valves and piping. These types of releases may
have occurred during the life of the ACC facility. Additionally, Amoco
believes that there may have been releases on adjacent properties by
other parties that have contaminated subsurface groundwater. These
releases appear to have since migrated under the ACC facility. Data
regarding the groundwater contamination is contained in the documents
referenced in the response to Question 1.

Should you have any questions or require additional information please
contact Ms. Michelle Roddy as follows:

Amoco Corporation
200 East Randolph, Mail Code 4901
Chicago, Illinois 60601

Phone: (312) 856-5994
Fax: (312) 616-0414

Sincerely,

AL P,

Philip C. Morris
Superfund Coordinator
Amoco Corporation

Enclosures
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Amoco Chemical Company
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Analytical Results for Sell Sampies

Amoco Chemical Company
Polystyrene Facllity, Torrance, California

Sample Ethyl- Carbon

Location/Depth (ft) Styrene benzene TCE FCE 1,1,1-TCA Benzene disulfide Toluene

B-01/01 <1.0 50 <1.0 4 <1.0 <1.0 <1.0 <1.0

1 TD - 5 ft - - - - .- - - -

T B-02/01 . - - - - - - ”
TD - 3 ft -- -- -- - -- -- -- -- “

B-03/05 9 47 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

TD - 5 1t -- -- -- -- -- - - --
B-04/02 <2.0 140 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 |

__TD-5+ - - - - .- - - -

" B-05/01 100 720 <10 <10 <10 <10 <10 <10

| TD - 5 ft - - - - - - - .-

B-06/05 . - - .- - -- - -

no <0.1 <0.05 0.1 <0.05 <0.05 <0.05 <0.1 <0.05

5 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05

120 -- . - -- -- -- -- -

B-07/05 -- - - -- -- .- -- --

no <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05

ns <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05

/20 -- e - -- -- -- - -

B-08/05 -- - .- -- -- -- -- --

10 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05

/15 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05

/20 - - -- - -- .- -- --

B-09/05 . - - - .- - .- .

no <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05

15 -- -- -- - - -- -~ --

120 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05

B-10/05 - - -- -- - -- -- --

10 |. <1.0 <0.5 44 8 <0.5 <0.5 <1.0 <0.5

/15 - -- -- -- - -- -- --

120 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
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Analytical Results for Soll Samples
Amoco Chemical Company
Polystyrene Facility, Torrance, California

Sample Ethyl- Carbon
Location/Depth (ft) Styrene benzene TCE FCE 1,1,1-TCA Benzene disulfide Toluene
B-11/05 - - - - - - - -
/10 - - = - - - - -
/15 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
/20 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
B-12/05 - -- = -- -- -- --
/10 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
15 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
/20 - -- -- - -- -- -- --
B-13/05 - -- - = -- -- - --
1o - - - - - = -- =
/15 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
/20 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
B-14/05 -- - - = = - = -
/10 -- -- - -- - -- -- --
5 1.2 0.7 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
/20 4.4 0.95 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
B-15/05 -- = = = -- -- - -
10 -- -- -- -- -- -- -- --
/15 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
/20 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
B-16/05 = - - - - -- - -
10 <0.1 <0.05 - 0.09 0.08 <0.05 <0.05 <0.1 <0.05
/115 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05
/20 -- -- -- -- -- --
B-17/05 -~ -- = -- - --
/10 -- -- -- - - -
/15 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05
/20 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05

Page 2 of 3




Analytical Resuits for Soll Samples
Amoco Chemical Company
Polystyrene Facility, Torrance, California

||

Sample Ethyl- Carbon
Location/Depth (ft) Styrene benzene TCE PCE 1,1,1-TCA Benzene disulfide Toluene
B-18/05 - -- - -- -- -- --
' /10 - - -- - - - .- --
15 330 65 46 24 <1.0 <1.0 <2.0 1.1
/20 100 20 6.8 1.4 <1.0 <1.0 <2.0 <1.0
B-19/05 - -- - - -- -- - --
"o -- - -- - - -- -- --
115 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
/20 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1 <0.05
B-20/20 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1
125 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1
130 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1
' /35 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1
/40 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1
B-21/20 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1
125 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.1
/30 <0.05 <0.05 0.11 <0.05 <0.05 <0.05 0.14 <0.1
/35 <0.05 <0.05 0.86 <0.05 <0.05 0.05 0.06 <0.1
/40 <0.05 <0.05 0.15 0.2 0.07 <0.05 <0.05 <0.1

TCE = trichloroethene
PCE = tetrachloroethene
TCA = trichloroethane
-- = Sample not analyzed
" <01 =

Not detected at.or above

concentration indicated

Notes: (1) Laboratory analysis by GC/MS (EPA Method 8240).

Concentrations reported in mg/kg (ppm).

Compounds not reported- were not detected in any sample.

(2) Soil borings B-1 thru B-5:

(]

-

Soil samples collected at 1 foot Intervals.
Soll iImmediately above sample interval was

screened in field for organic vapors.

-]

Samples were selected for laboratory analysis

based on field screening resuits.

Page 3 of 3
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Analytical Results for Groundwater Samples
Amoco Chemical Company

Polystyrene Facility, Torrance, California

T Well Wo. Date] 11DCE| 12DCE TCE PGE MC| 11DCA
2/1/90 <0.080 <0.080 1.0 <0.080 10 <0.080
2/21/90 <15 <15 2.2 <15 190 " <15
12/5/90 <1.0 <1.0 2.0 <1.0 320 <10
6/20/91 <5.0 <5.0 <5.0 <5.0 _1 ,100 ~ <5.0
-1/16/92 0.008 0.060 2.2 0.19 1,000 -<0.003
2/1/90 <0.004 <0.004] 0.500/0.625| 0.050/0.068 <0.020 <0.004
2/21/90 <0.005 0.006 1.1 0.16 <0.025 <0.005
12/5/90 <0.010 0.056 3.0 T 0.42 <0.050 <0.010
6/20/91 «0.020| 0.050/<0.020 2.712.7 0.41/0.39| <0.10 <0.020
1/16/92 <0.003| 0.030/0.032 2.712.7 0.46/0.39 0.93/0.025 <0.003
2/1/90 <0.015 0.054 1.7 0.24 <0.075 <0.015

2121190 0.035 0.15 3.8 1.1 <0.10 <0.020 H
12/5/90 <0.020 0.073 2.6 0.29 <0.10 <0.020
6/20/91 <0.020 <0.020 1.9 0.27 <0.10 <0.020
1/16/92 0.008 0.059 3.2 0.43 0.007 <0.003
2/1/90 0.017 0.064 1.4 0.31] - <0.050 <0.010
2/21/90 <0.015 0.087 - 3.4 0.40 <0.075 <0.015
12/5/90| 0.046/0.064]  0.33/0.33 7.217.2 1.6/1.6 <0.125 <0.025
6/20/91 <0.050 0.36 7.8 1.0 <0.250 <0.050
1/16/82 0.033 0.19 5.5 1.3 0.005 <0.003
2/1/90 0.063 0.20 5.8 1.6 <0.20 <0.040
2/21/90 0.13/0.10 0.38/0.38 15/16 5.9/5.1 <0.40 <0.080
12/5/90 <0.10 0.67 21 8.1 <0.50 <0.10
6/20/91 <0.20 0.90 15 6.6 <1.0 <0.20
1/16/92 0.15 0.56 14 5.0 0.006 0.010
2/1/90 0.021 0.021 1.9 0.78 <0.075 <0.015
2/21/90 0.056 0.059 7.8 3.3 <0.040 <0.04
12/5/90 <0.10 0.27 27 11 <0.10 <0.10
6/20/91 <0.20 <0.20 22 10 <10 <0.20
| 1116792 0.13 0.30 21 9.4  <0.005 0.011

- Laboratory reported no volatile organic compounds. in samples collected November, 1988
 Concentrations reported in milligrams per liter (ppm)
< Elevated detection limits caused by dilution in laboratory

0.13/0.10
<0.020

DCE
TCE
PCE

MCl
DCA

= Original sample resuilts/duplicate sample results
= Not detected at or above concentration indicated

= dichloroethene

= ftrichloroethene

= tetrachloroethene
= methylene chloride
= dichloroethane
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Analytical Results for Groundwater Samples
' Amoco Chemical Company
Polystyrene Facility, Torrance, California

u Ethyi- Total . Chloro-
Well No. Date Benzene benzene Xylenes Toluene benzene|{ Chloroform
OowW-1 2/1/90 <0.080 <0.080 <0.080| <0.16 <0.080 <0.080
2/121/90 <1.5{ <15 " <15 <3.0 <15 <15 j
12/5/90 <1.0 <1.0 <1.0 20 <1.0 <1.0
6/20/91 5.0 <5.0 ’ <5.0 <10 5.0 . 5.0
1/16/92 0.003 0.005 0.014 ~ 0.004 <0.003 0.037
ow-2 2/1/90 <0.004 <0.004 <0.004 <0.008 <0.004 <0.004
2/21/90 <0.005 <0.005 <0.005 <0.010 <0.005 <0.005
12/5/90 <0.010 <0.010 <0.010 <0.020 <0.010 0.025
6/20/91 <0.020 <0.020 <0.020 <0.040 <0.020 <0.020
1/16/92 <0.003 <0.003 <0.003 <0.003 <0.003| 0.011/0.013
OW-3 - 211790 <0.015 <0.015 <0.015 <0.030 <0.015 <0.015
2/21/90 <0.020 <0.020 <0.020 <0.040 <0.020 <0.020
12/5/90 . <0.020{ . <0.020 <0.020 <0.040] .= <0.020 <0.020
6/20/91 <0.020 <0.020 <0.020] <0.040 <0.020 <0.020
1/16/92 <0.003 <0.003 <0.003 <0.003 <0.003 0.008
OwW-4 2/1/90 <0.010 <0.010 <0.010 <0.020 <0.010 <0.010
2/21/90 <0.015 <0.015 <0.015 <0.030 <0.015  <0.015
12/5/90 <0.025 <0.025 <0.025 <0.050 <0.025| . <0.025
6/20/91 <0.050 . <0.050 <0.050 <0.10 <0.050 <0.050
1/16/92 0.007 <0.003 " <0.003 <0.003 <0.003 0.019
OwW-5 2/1/90 <0.040 <0.040 <0.040 <0.080 <0.040 <0.040
2/21/20 <0.080 <0.080 <0.080 <0.16 <0.080 <0.080
12/5/90 <0.10 <0.10 <0.10 <0.20 <0.10 <0.10
6/20/91 <0.20 : <0.20 <0.20 <0.40 <0.20 <0.20 |f
1/16/92 0.022 <0.003 <0.003 <0.003 <0.003 0.034
OwW-6 2/1/90 <0.015 <0.015 <0.015 <0.030 <0.015 <0.015
2/21/90| <0.04| <0.04 0.21 <0.080 ' 2.8 <0.04 |
12/5/90 <0.10 <0.10 <0.10 _ <0.20 <0.10 <0.10
6/20/91 <0.20 <0.20 <0.20 <0.40 <0.20], <0.20 L
1/16/92 0.028 <0.003 <0.003| <0.003 <0.003 0.069 5

- Laboratory reported no volatile organic compounds in samples collected November, 1988
- Concentrations reported in milligrams per liter (ppm)
- Elevated detection limits caused by dilution in laboratory

0.13/0.10 = Original sample results/duplicate -sample results
<0.020 = Not detected at or above concentration indicated

DCE = dichloroethene
TCE = trichloroethene
PCE = tetrachloroethene
MCl = methylene chioride
DCA = dichlorosthane
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1.0 INTRODUCTION

1.1 BACKGROUND

AMOCO Chemical Company operates a polystyrene manufacturing
facility located at 1225 West 196th Street, Torrance, California.
The plant location is shown on Figure 1, Site Location Map. Plant
operations consist of formulating polystyrene product using styrene
as a raw process material. Raw styrene 1is bulk-stored in two
above-ground storage tank areas designated Tank Area 1 and Tank
Area 2, as depicted on Figure 2, Site Plan.

Previous environmental studies conducted in 1988 have the
revealed the presence of styrene, ethylbenzene, and
tetrachloroethene in Tank Area 1 and Tank Area 2. These prior
studies consisted of laboratory analysis of shallow soil samples
obtained in various areas surrounding the styrene storage tanks.
Results of these tests indicate a concentration of styrene up to
9,000 ug/kg in soils at two feet depth in Tank Area 1; and
ethylbenzene at 50,000 Kg/kg and tetrachloroethene at 4,000 ug/kg
in soils at one foot depth in Tank Area 2.

The following inferences are drawn based on the results of the
previous environmental testing:

1. The occurrence of soil contamination appears to occur
randomly over large portions of Tank Area 1 and Tank
Area 2. However, it is currently uncertain whether soil
contamination is isolated in small areas or is present
continuously over wide areas. :

2. The depth of soil contamination is not known because

previous testing has been limited to the upper five feet
of the soil profile.

3. The presence of styrene, previously detected only in Tank
Area 1 soils, and ethylbenzene, detected in Tank Areas
1l and 2, are presumed to have resulted from routine tank
filling and maintenance operations. The occurrence of
tetrachlorethene in Tank Area 2 soils is more problematic
as this material is reported not to have been used or
stored in either area.
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l.2 -Purpose and Scope

The purpose of this Plan is to guide field and laboratory
activities designed to estimate the horizontal and vertical extent
of soil contamination by styrene, ethyl benzene, tetrachloroethene,
and related volatile organic compounds. This information will be
used to develop detailed potential remedial options such as
excavation and disposal of contaminated s0oils or active soil
venting with vapor treatment. The selected remedial options would
be coordinated with planned construction activities at Tank Area
1l and Tank Area 2.

The scope of this Plan includes approximately fifteen test
borings with soil sampling to anticipated depths of about 20 feet
by powered auger equipment. There is also a provision for limited
hand auger sampling in areas inaccessible to motorized equipment.
Selected samples will be laboratory analyzed by appropriate methods
to test for the occurrence of soil contaminants currently known to
occur in Tank Areas 1 and 2. An additional element of this Plan
is a project-specific Health and Safety Plan designed to minimize
the exposure of field personnel to potentially harmful substances
and conditions, and detailing emergency response procedures. The
Health and Safety Plan is presented in Appendix A.
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2.0 TECHNICAL APPROACH

2.1 Location of Test Borings

Test borings will be drilled in Tank Area 1 and Tank Area 2.
A total of nine borings are planned in Tank Area 1, at the
approximate locations shown on Figure 3, Tank Area 1 - Test Boring
Locations. Six additional borings are planned for Tank Area 2 as
shown on Figure 4, Tank Area 2 - Test Boring Locations. The test
boring locations have been selected to maximize the probability of
encountering soil - contamination and to provide information
regarding the lateral and vertical extent of contamination. For
example, areas where soil contamination has been detected by prior
studies will be tested to determine the depth of contamination, and

areas between known areas of contamination will also be tested.

2.2 Drilling Methods

The selected boring locations shown on Figures 3 and 4 will
be drilled by powered auger. Additional supplemental soil samples
may be collected by hand auger at locations where sampling is
indicated by field observations of contamination but which are not
accessible by powered auger equipment.

The powered auger equipment consists of a skid-mounted hollow-
stem auger specially designed for use in small or restricted spaces
inaccessible to standard truck-mounted equipment. Samples are
collected by use of standard . hammer-driven split-spoon sampler.
Any supplemental samples will be collected by hand auger in
combination with a hand-operated slide-hammer sampler. The
principal limitations of the manual sampling device will be the
depth of penetration, which is expected to be about ten feet. 1If

used, this method will enable collection of useful data regarding
depth of soil contamination.
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2.3 Sample Collection, Logging, and Screening

Soil samples will be collected at ground surface and at 5-foot
intervals to the maximum depth of penetration, which is anticipated
to be %@ feet in the case of powered equipment and 10 feet with
manual equipment.

Soil samples will be collected by the powered auger using an
18-inch,, 2.5-inch diameter, split-spoon drive sampler. Hand auger
samples-will be collected with a 6-inch long, 2-inch diameter drive
sampler fitted with a single 6-inch long brass sample sleeve. All
sampling equipment will be thoroughly cleaned and decontaminated
before sample collection. Decontamination will consist of a tap
water rinse, a thorough scrubbing with tap water and trisodium
phosphate detergent, a second tap water rinse, and a final rinse
with distilled water.

Lithologic logs of the boreholes will be compiled and recorded
from drill cuttings and split-spoon samples by the site geologist.
Copies of the logs will be included in the final report for each
area. Soils will be described in accordance with the Unified Soil
Classification System. Soil moisture, hydrocarbon odors, and other
significant characteristics will be noted on the boring logs.

Collected sample materials will be screened in the field as
a basis for selection for laboratory analysis. The screening
method will consist of ambient temperature headspace analysis of
soil materials by use of a portable gas chromatograph calibrated
to styrene and ethylbenzene. Those samples exhibiting the highest
relative concentration of these vapors in each boring will be
laboratory analyzed. Power auger borings will be drilled to depths
such that field indications, including vapor concentrations,
indicate significant reduction or absence of contamination.

Upon completion of sampling, all borings will be backfilled
with cement-bentonite grout to five feet below grade. Drill
cuttings will be stored in 55-gallon steel drums. The drums will
be labeled with boring number, responsible geologist, and date of
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boring. Drums will be temporarily stored onsite until laboratory
results determine which drum contents will be classified as
hazardous for disposal as hazardous materials.

Soil samples will be prepared for shipment to the laboratory
as follows. Upon retrieval from the sampler, the sample tube will
be covered on both ends with Teflon tape and plastic end caps,
secured with plastic tape, and identified with indelible ink. Each
sample will be labelled with boring number, sample depth, sample
analyses, and data and time collected. Samples will then be placed
in a pre-cooled ice chest and transported with documented chain-
of-custody forms to a state certified laboratory for chemical
analysis.

Soil sampling, field gas chromatography, decontamination, and
sample handling procedures will follow the appropriate protocols

described in ENSR Standard Operating Procedures attached as
Appendices B, C, D, and E.

2.4 Laboratory Analysis

All samples selected for laboratory testing will be analyzed
by EPA Method 8240 to determine soil concentrations of the known
contaminants styrene, ethylbenzene, and tetrachloroethene, and
other related volatile organic compounds.



W -
#2

sall §-—4 ‘ﬂ- o wall - ., NS e\ Eao V] R, ¢ anel) GARDENAUY ARTESIA
- |“-'. . - <

) .:-,'_ P -, " . T »
| a&s.'_f%?n@gg“-‘i?‘ﬂ_” =
A==z ¢ N .m“u:::-‘::'.:E=l====l==l -:m—T:':“::::::::: G
, > 5 i -Q!LULHILILH - ™
. Prrayin (s ,r Givdona & ol
N\ : . T:: .¢o_/J High Sch \.l. { i 5
1g0TM 1) : f i sz ¢ o 'Dgc,, 'n o) ' o
O, LI - | - = | A% e
6/ J_.'. i sal_T, ‘% 1820 B CAWEEJH us*rl-lré_Z| - f_—]r L/ §E ' S
A" :'%'5‘3"‘"“” Q Hhk . |2 EE et 1] T \ 'F R
= & i e e =l T
~d_ 2 T e T e e eieitaduink gt LI T e E ” i
g . J g ; i YT 1gormll sr | ' . AN A _ '/:
2 - T=a ) sr \ PN\ Ay
J e X
e e ey A QN
v LANE !i nLGb\:';"’_‘j_,"" ',. \ G '
> - :__-" H a

't 1 o
0fo O ofo- s
04O 0.0

“Subs.l.}? I.Ioaén

-— °0 .00 0.0 3’
oo o o BN ~
! - . l ~ 0
010 -0-040-0:il.: ] Y
010:0-0f0-0- K
Era e
o:
O

i | 2

|

2 I
S 209":‘0

o ) E‘a"o .n?"
ES ;@Jv? |
ol . O P A
ta N Hasou d’ - l] 5
s:lm;' 117480 i e _@r,ut, I 3
D=4 XV desl. | |- gt I ‘n Tl
0| “\ \'\i‘}ég\~ ;._ 2{brijari ‘ = J@J ( 'I
BES—aN\ 2%y | AT S

REFERENCE: USGS 7.5 MINUTE SERIES
TORRANCE QUADRANGLE 1981 iF

SITE LOCATION MAP
ARTCO CHEMICALS CORPORATION
1225 YEST 196th STREET

. \ . ! Hne TORRARCE, CALIFORNIA

SCALE ORAWN BY: /7Y DATE: o/ 7/ PROJECT NO: 0350-004
CHK'D Bv: [ REVISED: owQ.NO: FIGURE 1

4

= e



- e -
ot
- TR

WAREHOUSE

MAINTENANCE

BLDG |

PROCESS
AREA

Ol O

!
!
!
|
i
!
!
!
!
!
!
!
!
!
!
!

EXPLANATION

Zr——

i 10 T ?Fm

APPROXIMATE
SCALE

SR

SITE PLAN

AMOCO CHEMICALS CORPORATION

1225 WEST 196th STREET
TORRANCE, CALIFORNIA

by CKeller

PROJECT 0350-004 FIGURE 2




Sl S =R - &N =T G EE :!E:I I B =R BN I 2N aE aE e

NORTH

Qﬁ @ ﬁ©ﬁ©ﬁ/—\} EXPLANATION
_ O

I PROPOSED BORING LOCATION

0 10 feet
Livvvan il

APPROXIMATE
SCALE

EINSR

TANK AREA 1
TEST BORING LOCATIONS
AMOCO CHEMICAL COMPANY
1225 WEST 196th STREET

TORRANCE, CALIFORNIA
by'CKetler  PROJECT 0350-004 FIGURE 3




NORTH

¥
EXPLANATION

X{ PROPOSED BORING
LOCATIONS

——

10 20 feet
1 PR |

P ) A

APPROXIMATE
SCALE

JEINSR

TANK AREA 2
TEST BORING LOCATIONS
AMOCO CHEMICAL COMPANY
1225 WEST 196th STREET
TORRANCE, CALIFORNIA
byiCKeller PROJECT 0350-004 FIGURE 4




N -
i

N

ENS

APPENDIX A

SITE HEALTH AND SAFETY PLAN



R GE I G B G2 EE e

HEALTH AND SAFETY PLAN
FOR AMOCO CHEMICAL FACILITY
TORRANCE, CALIFORNIA

ENSR Document No. 0350-004-100
June 1989

Prepared for

AMOCO CHEMICAL COMPANY
Joliet, lllinois

ENSR Consulting and Engineering
19782 MacArthur Boulevard
Irvine, California 92715

ENSR



gy

CONTENTS

INTRODUCTION . . . . . . . . . . .

FACILITY BACKGROUND/WORKPIAN . . .

3. KEY PERSONNEL AND RESPONSIBILITIES . . . .
ENSR Project Manager . . . . . . . .

Onsite Health and Safety Coordinator

Field Personnel . . . . .

3.1

3.2 Regional Health and Safety Manager .
3.3

3.4

4. JOB HAZARD ANALYSIS . . . . . . . .« o .
4.1 Chemical Hazards . . . . . . . .
4.2 Physical Hazards . . . . . . .
5. JOB HAZARD SUMMARY . . . . & v v o . . .
6. AIR MONITORING . &+ v v v @ o o o o o . .
6.1 Instruments . . . . . . . . . . .
6.2 Equipment Use . . . . . . . . . .
7. PERSONAL PROTECTIVE EQUIPMENT . . . . .
7.1 Respiratory Protection . . . . . .
7.2 Protective Clothing and Equipment
8. SITE CONTROL . . . &+ 4 4 o o o o o o . .
9. DECONTAMINATION . . . . . . . v o « « . .
10. GENERAL SAFE WORK PRACTICES . . . . . .
11. EMERGENCY RESPONSE PROCEDURES . . . . .
11.1 Planning . . . . . «v & v v o o . .
11.2 Emergency Services . . . . . . . .
11.3 First Aid . . . . . . . . . . . .
11.4 Fire Protection and Response . . .
11.5 Guidelines for Response . . .
12. MEDICAL SURVEILLANCE/TRAINING REQUIREMENTS



P

I Il N BN B BN EE

APR
CPR
FP
HASP
HSC
LEL
OSHA
OVA
PEL
PID
PM
PPE
ppm
PVC
RHSM

ABBREVIATIONS AND ACRONYMS

air-purifying respirator
cardiopulmonary resuscitation
field personnel

Health and Safety Plan

Health and Safety Coordinafor
lower explosive level

Occupational Safety and Health Administration
organic vapor analyzer

permissible exposure limit
photoionization detector

Project Manager

personal protective equipment
parts per million

polyvinyl chloride

Regional Health and Safety Manager



b 551

1. INTRODUCTION

This site-specific Health and Safety Plan (HASP) has been
developed by ENSR to establish the health and safety procedures
required to minimize any potential risk to personnel who will
perform activities for the Amoco Chemical Company's polystyrene
manufacturing facility in Torrance, california.

The provisions of this plan minimally apply to all ENSR
personnel and subcontractors who will potentially be exposed to
safety and/or health hazards during the performance of activities
associated with this site.

This HASP has been written in compliance with the requirements
of the Occupational Safety and Health Administration's (OSHA)
Hazardous Waste Operations and Emergency Response Standard (29 CFR
1910.120), the ENSR Consulting and Engineering Health and Safety
Policy Manual, and the ENSR Consulting and Engineering Hazardous
Waste Site Health and Safety Manual. All activities covered by
this HASP must be conducted in complete compliance with this HASP
and with all applicable federal, state and local health and safety
regulations. pPersonnel covered by this HASP who cannot or will not
comply with these requirements will be excluded from site
activities by the ENSR Project Manager.

The procedures in this plan have been developed based upon
current knowledge regarding the specific chemical and physical
hazards which are known or anticipated for the operations to be
conducted at this site.

All personnel covered by this HASP, including subcontractor
personnel, must receive a copy of it and return the HASP signoff
sheet found on the last page of the plan. This sheet must be

returned to the ENSR Project Manager prior to performing any onsite
activities.
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2. FACILITY BACKGROUND/WORKPLAN

The Amoco Chemical Company currently operates a polystyrene
manufacturing facility at 1225 West 196th Street in Torrance,
California. Styrene, the raw material used in the manufacturing
process, is stored onsite in aboveground storage tanks. These
tanks are presently placed on the ground within grouted masonry
wall containment structures. Previous site investigations have
identified both styrene and ethylbenzene in soils near the storage
tanks. Ethylbenzene is a decomposition product of styrene.
Tetrachloroethene was also found in at least one sample. Its
presence may be due to laboratory cross-contamination.

ENSR's scope of work involves the drilling of approximately
15 soil borings to a maximum anticipated depth of 20 feet within
the tank farm. Borings will be drilled using a portable hollow-
stem auger; samples will be collected with a split-spoon drive
sampler. Samples will be collected at 5-foot intervals.
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3. KEY PERSONNEL AND RESPONSIBILITIES

Rich Richter: Project Manager

Ken Pitchford: Technical Lead

Mark Wood: Site Manager and Health and Safety Coordinator
Alice Armstrong: Regional Health and Safety Manaqer

The organization and responsibilities for implementing safe
onsite activities, and more specifically the requirements contained
in this HASP, are described below. The implementation of health
and safety at this site will be an ihtegrated effort amongst the
ENSR Onsite Manager, the ENSR Regional Health and Safety Manager
(RHSM) , the appointed onsite Health and Safety Coordinator (HSC),
ENSR Field Personnel (FP), and any subcontractor. The specific
individuals who will fill these roles on this project are provided

on the Emergency References Table at the back of this document.

3.1 ENSR Project Manager

The ENSR Project Manager (PM) is, by designation, the
individual who has the primary responsibility for ensuring the
overall health and safety of this project. The PM, therefore, has
the primary responsibility for ensuring the implementation of the
requirements of this HASP. Some of the PM's specific
responsibilities include:

° Assuring that all onsite personnel have received a copy of
and read this HASP and have completed the HASP signoff sheet.

° Assuring that all personnel have attended a briefing apprising
them of the contents of the HASP and site-specific hazards
prior to performing work onsite.

o Assuring that sufficient personal protective equipment (PPE),
as required by this HASP, is available onsite.

o Assuring that all subcontractor personnel submit the documen-
tation of employee participation in a medical monitoring
program and training program.

. Maintaining a high level of health and safety consciousness
among employees at the work site.

e Maintaining regular communications with the HSC and, 1if

necessary, the RHSM.
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3.2 Regional Health and Safety Manager

The RHSM is the individual responsible for the preparation,
interpretation, and modification of this HASP. Modifications to
this HASP which may result in less stringent precautions cannot be
undertaken by the PM or the onsite HSC without the approval of the
RHSM. Specific duties of the RHSM include:

. Advising the PM and HSC on matters relating to health and
safety on this site.

. Recommending appropriate PPE and air monitoring
instrumentation to protect personnel from site hazards.

o Performing field audits to monitor the effectiveness of this
HASP and to assure compliance with it.

° Performing personal exposure monitoring where required and
where deemed necessary to determine the adequacy of protective
measures and PPE specified by this HASP.

° Maintaining contact with PM to regularly evaluate site
conditions and new information which might require modifica-
tions to the HASP. ' '

o Working with the PM to ensure that sufficient PPE is available
onsite.
. Conducting briefing meetings, when necessary, to apprise

personnel of the contents of the HASP and the site hazards.

3.3 Onsite Health and Safety Coordinator

The appointed HSC will be a member of the ENSR project field
team. The HSC is responsible for enforcing the requirements of
this HASP once onsite work begins. By design, the HSC has the
authority to immediately correct all situations where noncompliance
with this HASP is noted and to immediately stop work in cases where

an immediate danger is perceived. Some of the HSC's specific
responsibilities include:

. Procuring and distributing the PPE needed for this project.

° Procuring the air monitoring instrumentation required and
performing air monitoring.



Verifying that all PPE and health and safety equipment is in
good working order.

Setting up and maintaining the personnel decontamination
facility.

Notifying the PM and the RHSM of all noncompliance situations
and immediate danger situations.

Supervising and monitoring the safety performance of all
personnel to ensure that required safety and health procedures
are followed, and correcting any deficiencies.

Conducting accident/incident investigations and preparing
accident/incident investigation reports.

Initiating emergency response procedures.

Field Personnel

All ENSR and subcontractor FP are responsible for following

the health and safety procedures specified in this HASP and for

performing their work in a safe and responsible manner. Some of
the specific responsibilities of the FP are as follows:

Obtaining a copy of the HASP and reading it in its entirety
prior to the start of onsite work.

Bringing forth any questions or concerns regarding the content
of the HASP to the PM or the RHSM prior to the start of work.

Reporting all accidents and incidents to the PM.

Complying with the requests of the appointed HSC.
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4. JOB HAZARD ANALYSIS

4.1 Chemical Hazards

Styrene and ethylbenzene are aromatic hydrocarbons which have
sweet odors at low concentrations. As with many solvent-like
hydrocarbons, the primary route of exposure 1is through the
inhalation of vapors. Acute exposure to high concentrations of
these hydrocarbons may produce irritation of the mucous membranes
of the upper respiratory tract, nose, and mouth, followed by
symptoms of narcosis, cramps, and death due to respiratory center
paralysis. Effects of short-term exposure under laboratory
conditions included prolonged reaction time and decreased manual
dexterity. Liquid styrene is a low-grade cutaneous irritant, and
repeated contact may produce a dry, scaly, and fissured dermatitis.

OSHA has established a permissible exposure limit (PEL) for
styrene of 50 ppm. Styrene sickness - consisting of drowsiness,
nausea, headache, fatigue, and dizziness - has been documented in
workers exposed at 200 to 700 parts per million (ppm) concentra-
tions. The liquid is flammable (flash point 90°F) with a lower
explosive 1level (LEL) concentration of 11,000 ppm. A PEL of
100 ppm has been established for ethylbenzene. This compound is

also flammable (flash point 59°F) and its LEL concentration is
10,000 ppm.

4.2 Physical Hazards

The use of a drilling rig for soil borings can present
operational hazards specifically related to drilling rig use. ENSR
personnel are to remain clear of the mechanical portions of the rig
while it is in operation. 1If utility lines or cables transect the

site, the local utility companies must be alerted to establish
drill locations.



5. JOB HAZARD SUMMARY

A

.

A significant chemical hazard could be present on this site,
both as a result of vapors released during drilling activities as
well as the close proximity of tanks and lines to some of the
drilling locations. Previous site studies reported field vapor
readings as high as 620 ppm at a depth of 1 to 2 feet.
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6. AIR MONITORING

6.1 Instruments

An HNu photoionization detector (PID) equipped with a 10.2-eV
lamp or a Foxboro organic vapor analyzer (OVA) will be used to
monitor the breathing zone of personnel. An action limit of
25 units above background has been established. When the HNu or
OVA indicate sustained breathing zone concentrations in excess of
25 units or more, ENSR personnel will use a detector tube for
styrene to quantify concentration levels. Respiratory protection,
as described in Section 7 of this plan, will be donned should
concentrations exceed 25 ppm.

An explosimeter will be used to measure explosive levels of
styrene/ethylbenzene released during drilling activities. The
instrument should have both an audio and visual alarm. The alarm
should be set to sound at 10 percent of the LEL. Should the alarm

sound, personnel in the work area will leave and contact the ENSR
PM and the RHSM.

6.2 Equipment Use

The use of the OVA and HNu will be in accordance with the
guidelines established in ENSR's Standard Operating Procedures
(SOP), entitled "Operation/Calibration of OVA-128 Portable Organic
Vapor Analyzer No. 7310," and "Operation/Calibration of the HNu

Photoionization Analyzer No. 7315.," respectively. The SOPs are
included as Attachment A. All other equipment will be used per the
manufacturer's operating specifications and guidelines. Where

applicable, equipment shall be calibrated at the start and end of
each day and recorded in the field logbook.
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7. PERSONAL PROTECTIVE EQUIPMENT

7.1 Respiratory Protection

If OVA or PID breathing zone readings are sustained above
25 units above background and detector tube results indicate such
concentrations, MSA Comfo II half-mask air-purifying respirators
(APR) with GMC-H cartridges will be donned. Respiratory protection
should also be donned if odors become objectionable at any time.
If used, respirator cartridges are to be changed after every
8 hours of use or when breakthrough occurs, whichever is first.
If sustained concentrations above 100 ppm are encountered, ENSR

should cease operations and confer with both Amoco personnel and
the RHSM before proceeding.

7.2 Protective Clothing and Equipment

The following PPE must be worn when performing field
activities:

° regular Tyvek coveralls

. inner polyvinyl chloride (PVC) gloves
o outer nitrile gloves

. chemically-resistant steel-toed boots
° hardhat
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8. BITE CONTROL

Only authorized personnel will be allowed to enter the work
area. The number of personnel should be kept to a minimum in the
drilling area. An emergency trained member of Amoco will be
present during all drilling activities conducted within the walled
enclosure. This individual will be ready to respond immediately
should a line be punctured or tank disturbed by ENSR personnel.
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9. DECONTAMINATION

Proper decontamination will be required of all personnel and
equipment which come into contact with contaminated materials per

ENSR's SOP entitled "Decontamination of Equipment No. 7600"

(Attachment B). Personnel decontamination will be accomplished by
following a systematic procedure of cleaning and removing PPE.
Contaminated PPE, such as boots, will be rinsed free of gross
contamination, scrubbed clean in a detergent solution, and then
rinsed clean. To facilitate this, a three-basin wash system will
be set up onsite. Alternative decontamination procedures, such as
steam cleaning or pressure washing of field boots, may be used if
available. Disposable PPE, such as Tyvek coveralls, gloves, etc.,
will be disposed of as general refuse. Respirators, if used, will

be cleaned after each use with respirator wipe pads and will be
stored in plastic bags after cleaning.
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10. GENERAL SAFE WORK PRACTICES

The following measures are designed to augment the specific
health and safety guidelines provided in this plan.

o The "buddy system" will be used at all times by all field
personnel. No one is to perform onsite activities alone.

o Avoidance of contamination is of the utmost importance.
Whenever possible, avoid contact with contaminated (or
potentially contaminated) surfaces or materials. Walk around
(not through) puddles and discolored surfaces. Avoid sitting,
kneeling, or resting equipment on contaminated surfaces.

o Protect air monitoring equipment from water and contamination
by bagging.
J Eating, drinking, chewing gqum or tobacco, smoking, or any

practice that increases the probability of hand-to-mouth
transfer of materials is prohibited in the work area.

° Hands and face must be thoroughly washed upon leaving the work
area before eating, drinking, or any other activities.

o Beards or other facial hair that interfere with respirator fit
are prohibited for those individuals who may be required to
use respiratory protection. :

. The use of alcohol or drugs is prohibited during the conduct
of field operations.

. Safety equipment described in Section 6 will be required for
all field personnel unless otherwise approved by the ENSR
RHSM.

o If any electric-powered equipment is used onsite, it should

be explosion-proof, and should be fed electrically through a
ground-fault interrupter approved for outdoor use.
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1i. EMERGENCY RESPONSE PROCEDURES

11.1 Planning

Prior to work site entrance, the HSC shall plan emergency
actions and discuss them with personnel conducting project work.
Initial planning includes establishing the best means for

evacuation from the site in case of a catastrophe (e.g., explosion,
fire, etc.)

11.2 Emergency Services

A tested system must exist for rapid and clear distress
communications, preferably voice, from all personnel to the HSC.
The HSC shall ensure that all personnel working at the site know
how to communicate with the appropriate local emergency résponse
units, and provide adequate and clear directions between ENSR work
sites and the location of those units, prior to commencing any
onsite investigation or operations. Emergency response contacts
and telephone numbers are included as Attachment C. A copy of this

information must be posted in a visible location onsite before
operations commence.

11.3 First Aid

Qualified personnel shall give first aid and stabilize any
employee needing assistance. Life support techniques such as
cardiopulmonary resuscitation (CPR) and treatment of life-
threatening problems such as bleeding, airway maintenance, and
shock shall be given top priority. Professional medical assistance
shall be obtained at the earliest possible opportunity. If

assistance beyond first aid is required, phone 911 and request
emergency medical assistance.
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A first-aid kit and portable eyewash shall be maintained at
each drilling location. When drilling, these items should be kept
in a clean location near or on the drill rig.

Emergency first-aid procedures for organic compounds include:

Exposure Procedure

Eyes Flush eyes immediately with fresh water for at least
15 minutes while holding the eyelids open. 1If injury
occurs or irritation persists, transport person to
emergency room for medical attention as socon as

possible.

Skin Wash skin thoroughly with soap and water. See a doctor
if any unusual signs or symptoms or if any skin
irritation occurs. ILaunder contaminated clothing.

Inhalation Move exposed person to. fresh air. If breathing has
stopped, apply artificial respiration. Call 911
immediatelv.

Ingestion If swallowed, DO NOT make person vomit. Call Poison

Control Center immediately.

11.4 Fire Protection and Response

To ensure that fire and explosion hazards are minimized, plans
and procedures must be coordinated with the local Fire Department.
If suitable water supplies are unavailable or where water use may
be inappropriate, 20- or 30-pound Class ABC fire extinguishers may
be necessary for each drill rig or field crew.

Call 911 in the event of any fire at a work site.

11.5 Guidelines for Response

If any emergency involving actual or suspected personal injury

occurs, the HSC, work supervisor, or surviving person shall follow
these steps:

° Remove the exposed or injured person(s) from immediate danger.
o Render first aid if necessary. Decontaminate affected
personnel.



Obtain paramedic service or ambulance transport to local
hospital by calling 911. An ENSR site member will accompany
any person to the medical facility and will remain with the
person until release or admittance is determined.

Other personnel onsite shall be evacuated to a safe distance

until the Fire Department determines that it is safe for work
to resume.

At the earliest time practicable, the HSC shall contact the
Project Manager, or his designee, and the RHSM, and give
details of the incident.

Any accident/incident resulting in an OSHA recordable injury
or illness, treatment at a hospital or physician's office,
property damage, or a near-hit accident, requires that an
accident/incident report be completed and submitted to the
RHSM. A copy of the ENSR Supervisor's Accident/Incident .
Investigation Report form is found as Attachment D.



12. MEDICAL SURVEILLANCE/TRAINING REQUIREMENTS

All personnel who will be perform or be exposed to activities
associated with Task 2 must have completed the training and medical
surveillance requirements specified in the OSHA Hazardous Waste
Operations and Emergency Response Standard [29 CFR 1910.120(e) and
(£)1.

Therefore, such personnel must have completed the specified
8 hours of refresher training and/or the 40 hours of initial
training within the 1last vyear. Managers or supervisors of
personnel performing such activities must have completed the
specified 8 hours of management training. In addition, such
personnel must have completed and passed, without restrictions, an
annual and/or baseline occupational medical surveillance
examination within the last year.

Documentation of the above, in the form of a copy of each
employee's training certificate(s) and summary letter from the
occupational medical surveillance examination, must be provided to

the ENSR onsite manager, prior to performing activities at the
site.
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STANDARD OPERATING PROCEDURE Page: 1 of 7
Date: 2nd Qtr. 1987
Title: Operation/Calibration of OVA-128 Portable Number: 7310
Organic Vapor Analyzer in the Survey Mode Revision: 1
1.0 Introduction

2.

The organic vapor analyzer (OVA) is used by ERT personnel in the field
for safety and survey monitoring of ambient air, determining the
presence of volatile organic compounds in soil and water, and detecting
leakage of organic volatiles.

Personnel responsible for using the OVA should first read the factor
operator instruction manual and be thoroughly trained in the operation,
calibration, and maintenance of the instrument.

In the survey mode the OVA provides a continuous, direct readout of the
total concentration of organic vapor/gas compounds, expressed as
methane equivalent or the equivalent concentration or any organic gas
used to calibrate the instrument. It has a chemically resistant
sampling system, and can be calibrated to almost any organic compound
which is a gas at ambient conditions. The instrument is portable and
lightweight (12 pounds), and can be carried about while monitoring. It
can also be used as a fixed, remote monitoring device.

Principal of Operation

During operation, ambient air is continuously drawn into the instrument
through the probe/readout assembly and sample channel by an internal
pumping system. The sample flow is metered at a constant rate and
passed through porous metal particle filters before reaching the
detector chamber, a flame ionization detector (FID). The sample is
introduced to a hydrogen flame and combusted. Any carbon compounds
present are ionized to form positively charged fragments which are
collected by a negative electrode, producing a potentiometric change.
This electrical signal, proportional to the concentration of organic
compounds present, is amplified, transmitted to the probe/readout
assembly, and seen as a needle deflection on the meter.

Specifications

Detection range: 0.01 to 1000 ppm.

Response time: less than 2 seconds.

Readout: 0-10 ppm, 0-100 ppm, 0-1000 ppm, 250°
linear scaled meter; external monitor
connector.

Sample flow rate: nominally 2 liters per minute (not
variable).

ERT

696 Virginia Road, Concord, Massachusetts 01742

17443 JO-960
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STANDARD OPERATING PROCEDURE Page: 2 of 7
Date: 2nd Qtr. 1987
Title: Operation/Calibration of OVA-128 Portable Number: 7310
Organic Vapor Analyzer in the Survey Mode Revision: 1
Fuel supply: 75 cubic centimeter tank of pure hydrogen

at maximum pressure of 2300 psig,
refillable while in case.

Primary electrical power: rechargeable and replaceable 12 VvDC battery
pack.
Service life: minimum of 8 hours continuous operating

time with hydrogen supply and battery power.

Required Materials

o Calibration Gas: Compressed gas cylinder of methane in air or
similar stable gas mixture of known concentration. The selected
g8as should have an ionization potential similar to that of the
vapors to be monitored, if known. The concentration should be at
50-75% of the range in which the instrument is to be calibrated.

o) Regulator for calibration gas cylinder.

o Approximately 3-4 feet of teflon tubing

o Fluoroware vent-union tec

o "Magic Marker'".

o] Hydrogen recharge supply (reagent-grade Hydrogen)
Start Up

Connect the umbilical cord of the probe/readout assembly to the side
pack. Select the desired pickup fixture and ensure that the particle
filter is in place. Attach the pickup to the probe/readout assembly.

Move the INSTR switch to the BATT position and check the condition of
the battery, indicated by the readout meter. Move the INSTR switch to
the ON position and allow five minutes for warm-up.

Move the PUMP switch to the ON position, orient the instrument
vertically and check the SAMPLE FLOW RATE indicator. The flow meter
should read 2 LPM. Check for air leaks by placing a finger over the

probe inlet. The flow rate should immediately drop to 0 and remain
there until the inlet is reopened.

ERT
696 Virginia Road, Concord, Massachusetts 01742

17443 J0-960
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STANDARD OPERATING PROCEDURE Page: 3 of 7
Date: 2nd Qtr. 1987
Title: Operation/Calibration of OVA-128 Portable Number: 7310
Organic Vapor Analyzer in the Survey Mode Revision: 1

Set the CALIBRATE switch to the X10 position. Adjust the meter to read
0 by turning the CALIBRATE knob.

Open the H, TANK VALVE and the Hy SUPPLY VALVE. Never leave the

Hp SUPPLY VALVE open when the Pump is not running. Depress the
igniter button until the burner lights. A faint "pop" sound can be
heard when the flame ignites. Do not depress the igniter button for
more than 6 seconds, or damage may occur. If the flame does not
ignite, allow the instrument to run for several minutes and again
attempt ignition. Ensure that the exhaust port, at the base of the
side pack, is not obstructed.

Performing an instrument response verification is a quick and simple
method of determining whether the flame is lit. With the CALIBRATE
switch set to X1, hold the probe inlet next to the tip of a magic
marker. The readout needle should deflect full scale within 2 seconds.

Zero out the background with the instrument located in the cleanest
area, representative of the lowest ambient background concentration to
be surveyed. Set the CALIBRATE switch to X1 and adjust the meter to

read 1 ppm by turning the CALIBRATE ADJUST knob. Remember to subtract
1 ppm from subsequent readings.

Calibration

The OVA should be calibrated at the beginning of each daily use. Set
the CALIBRATE range selection switch to the appropriate setting based
on the calibration gas being used. With the instrument in operation
and ambient background zeroced out, draw a sample of the calibration gas
into the probe. Connect the pickup fixture to the gas cylinder
regulator in order that the gas is delivered to the instrument at
atmospheric pressure (Figure 6-1).

The calibration gas bottle regulator should be adjusted to deliver at a
rate of approximately 2.5-3 liters per minute. During calibration
there should be a slight positive pressure from the vent line of one
leg of the t-fitting. Turn the GAS SELECT knob so that the meter reads
the concentration of the calibration gas, pgas mixture, or the

equivalent concentration of methane (if the OVA is being calibrated to
methane, as is usually the case).

Record the GAS SELECT knob setting in the field log. Also, record the
calibration gas used, the compound to which the 0OVA is calibrated, the
OVA readings and whether adjustment is necessary
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7.0 Operation

The side pack assembly is equipped with a handle and a shoulder strap

for carrying. The probe/readout assembly is hand held, positioning the
pickup fixture at the points of interest.
Readings should be taken with the CALIBRATE switch set to the lowest

possible range, switching to higher ranges as greater concentrations of
vapor emissions are encountered.

When organic vapors are detected, the meter pointer will move upscale,
indicating the equivalent concentration of the compound which the
instrument is calibrated to.

Record the meter readings and sampie locations in the field log.
Instrument response verifications (magic marker test) should be
performed occasionally and recorded.

Shut Down Mode

.The following procedure should be used to put the instrument in the

shut down mode:

o} Close the Hy SUPPLY VALVE

-0 Close the H, TAMK VALVE

o Move the INSTR switch to OFF.

o Wait 5 seconds and move the PUMP switch to OFF.

Fuel Refilling

The instrument must be in the shut dowm mode before refilling the fuel

tank. Refilling should be done in an area that is well ventilated and
free of potential ignition sources.

WARNING: The contents of the hydrogen supply bottle are highly
pressurized and extremely flammable. Be cautious.

Connect the filling hose to the hydrogen recharge tank. Turn the
FILL/BLEED valve on the hose to the OFF position. Attach the other end
of the hose to the refill fitting on the side pack assembly.
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Open the supply bottle valve slightly, turn the FILL/BLEED valve to
BLEED just momentarily, then turn the FILL/BLEED valve back to OFF. A
hissing sound should be heard as the air inside the hose is forced out
and replaced with hydrogen.

With the recharge bottle valve opened, open the REFILL VALVE and the

Hy TANK VALVE on the instrument panel. Turn the FILL/BLEED valve to
FILL. The pressure in the instrument fuel tank is now indicated on the
Hy TANK PRESSURE gauge. Approximately 150 psi is required for each
hour of operation. After the instrument fuel tank is filled, close the

REFILL VALVE, the Hp TANK VALVE, the recharge bottle valve, and turn
the FILL/BLEED valve to OFF.

Depressurize the filling hose by turning the FILL/BLEED valve to BLEED
then back to OFF. Disconnect the filling hose from the instrument.

With the instrument in the shut down mode, observe the Hy TANK
PRESSURE gauge to see if the pressure decreases rapidly. If the

pressure drops more than 350 psi/hr, there is a significant leak in the
Hy supply system.

Battery Recharging

Battery charging should be done in a non-hazardous area. Plug the
charger BNC connector into the mating connector on the battery cover.
Insert the AC plug into a 60Hz 115 VAC electrical outlet. Move the

battery charger switch to ON. The light above the switch should
illuminate.

Battery charge condition is indicated by the meter on the front panel
of the charger. The pointer will deflect to the right when charging,

and will be in line with the CHARGED marker above the scale when fully
charged.

Approximately one hour of charging time is required for each hour of

operation. Overnight charging is recommended. The charger can be left
on indefinitely without damage.

When finished, move the charger switch to OFF and disconnect from the
side pack assembly.

Documentation

Safety and survey monitoring with the OVA will ge documented in a bound
field log book and retained in the project files. The following
information is to be recorded:
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o Project name and number.
o Operator's signature.
o Date and Time of operation.

Calibration gas used, the compound which the instrument is
calibrated to, and the GAS SELECT setting.

o Meter readings (monitoring data obtained) and location of points
surveyed.
o Instances of erratic or questionable meter readings, and

corrective actions taken.

o Instrument response verifications - magic marker (Section 5) or
similar test.

R EBE B I N &N =N .
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FIGURE 6-1
o
REGULATOR
T-FITTING
Hﬁm

TEFLON PROBE/READOUT

TUBING ASSEMBLY
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GAS CYLINDER

ERT

696 Virginia Road, Concord, Massachusetts 01742
17447 J0-960



o STAMDARD OPERATING PROCEDURE Page: 1 of 7
Date: 2nd Qtr. 1987
l Title: Operation/Calibration of HNU Photoionization Number: 7315
" Analyzer Revision: 1
1.0 TIntroduction
l_ The HNU is primarily used by ERT personnel for safety and survey
monitoring of ambient air, determining the presence of volatiles in
' soil and water, and detecting leakage of volatiles.
Personnel responsible for using the HNU shodld first read and
thoroughly familiarize themselves with the factory operator instruction
l manual.
2.0 Principle of Operation
l The HNU is a non-specific vapor/gas detector. The hand-held probe
houses a photoionization detector (PID),. consisting of an ultraviolet
(UV) lamp and two electrodes, and a small fan which pulls ambient air
l into the probe inlet tube. All organic and inorganic vapor/gas
compounds having ionization potentials (IP) lower than the energy
output of the UV lamp are ionized; and the resulting potentiometric
l change is seen as a needle deflection, proportional to vapor
concentration, on the potentiometer of the readout/control box.
3.0 Specifications
Detection rangex: 0.1 to 2,000 ppm.
Linear rangex: - 0.1 to 400 ppm.
Response time: 3 seconds to 90% full scale
deflection.
Operating temperature: -10°C to 40°C.
Operating time on approximately 10 hours; at lower
battery, continuous temperatures time is reduced.
use, without recorder:
Recharge from full full recharge 12-14 hours.

discharge:

* When equipped with 10.2 eV probe with SPAM set at 9.8 and measuring
benzene. Values may vary for other compounds and conditions.

4.0 Required Materials

o Calibration Gas: Compressed gas cylinder of isobutylene in air or

similar stable gas mixture of known concentration. The selected
gas should have an ionization potential similar to that of the
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5.

6.

vapors to be monitored, if known. The concentration should be at
50-75% of the range in which the instrument is to be calibrated.

o Regulator for calibration gas cylinder
o] Approximately 3-4 feet of teflon tubing
o) "Magic Marker"

Preliminary Steps

Preliminary steps (battery charging, check-out, calibration,

maintenance) should be conducted in a controlled or non-hazardous
environment.

The sensor probe is carried separately in the instrument carrying

case. For most safety and survey work, the 10.2 eV probe is used, as
it detects more compounds than the 9.5 eV probe and is more durable
than the 11.7 eV probe. Unclamp the cover from the readout/control box
and remove the inner lid from the cover. Screw the inlet tube onto the
sensor probe. Attach the probe cable plug to the 12 pin keyed socket
on the readout panel by matching the alignment slot in the plug to the
key in the connector, and screwing dowm the probe connector until a
distinct snap and lock is felt.

Turn the function switch to the BATT (battery check) position. The
meter needle will deflect to the green zone if the battery is fully
charged. If the needle is below the green arc or if the low battery

indicator comes on, the battery must be recharged (Section 9.0) before
the analyzer is used.

Turn the function switch to the STAMDBY position and allow the

electronics to warm up for five minutes. Next turn the ZERO adjustment
knob until the meter needle is at zero.

Operation

Turn the function switch to the appropriate range. Check to see if the
intake fan is functioning; if so, the probe will vibrate slightly and a
distinct sound will be audible when holding the probe casing next to
the ear. Also, verify that the UV lamp is on by briefly looking into

the probe from a distance greater than six inches to observe a purple
glow.

ERT
696 Virginia Road, Concord, Massachusetts 01742

17433 JO060



; _ e .

STAITDARD OPERATIFG PROCEDURE Page: 3 of 7
Date: 2nd Qtr. 1987
Title: Operation/Calibration of HNU Photoionization Number: 7315
Analyzer Revision: 1

7.

WARNING: Continued exposure to ultraviolet energy generated by
the light source can be harmful to eyesight.

At the beginning of each day, check the calibration (Section 7.2) and
make adjustments if necessary (Section 7.3). Record the calibration
information in the field log book.

The instrument is now operational. Readings should be taken on the
lovest possible scale and recorded in the field log book.

When the HMU is not being used or between monitoring intervals, the
function switch should be set on the STAMDBY position to conserve
battery power and UV lamp life.

At the end of each day, recheck calibration (Section 7.2) and record
the information in the field log book.

To shutdown the HNU, turn the function switch to OFF.
Recharge the battery after each use (Section 9.0).

When transporting, disconnect the probe cable connector from the
control panel and return the instrument to its stored condition.

Calibration Procedures

7.1 Start-Up
Battery Check (Section 5.0).
Zero Set (Section 5.0).

For measurement on the 0-20 or 0-200 ranges only one calibration
gas standard is required. Calibration on the 0-200 range will
provide accurate values on the 0-20 range as well. Connect the
probe tip to the gas cylinder regulator, observing safety
precautions, in order that the gas is delivered to the probe at
atmospheric pressure (Figure 7-1). A t-fitting and plastic tubing
can be used. Adjust the regulator so that the gas is delivered at
150-200 cubic centimeters per minute. The fan inside the probe
draws approximately 100 cc/min.

7.2 Calibration Check

Set the function switch to the proper range setting, based on the
calibration gas used, and record the meter reading in the field
log book. Also record the calibration gas composition and
concentration, the date and the time.

ERT
696 Virginia Road, Concord, Massachusetts 01742

1743J JO060



STANDARD OPERATING PROCEDURE Page: 4 of 7
Date: 2nd Qtr. 1987
Title: Operation/Calibration of HMU Photoionization Number: 7315
Analyzer Revision: 1

7.3 Calibration Adjustment

If adjustment is necessary, turn the span as required to read the
pPpm concentration of the gas standard, or the equivalent
concentration of benzene if the HMU is being calibrated to benzene.

Recheck the zero setting (Section 5.0)

If reajustment of the zero setting is necessary, repeat the span
adjustment. Record the span setting and the new meter reading.

Whenever the span is changed, the zeroing procedure should be
repeated.

If calibration cannot be achieved or if the span setting resulting

from calibration is 0.0, then the lamp must be cleaned (Section
10.0).

7.4 Alternate Calibration Technique

It may be more convenient in certain circumstances to employ the
use of a Tedler bag filled with calibrant instead of a calibration
cylinder. In that case, the bag (usually 3-10 liter capacity)
should be filled with the appropriate calibrant and brought to the
HNU. The HNU probe should be connected to the discharge fitting
on the bag using a piece of flexible tubing. Allow the HNU to
draw the calibrant from the bag and follow the instructions as
indicated in 7.2, 7.3.

8.0 Troubleshooting Tips

One convenient method for periodically confirming instrument response
is to hold the sensor probe next to the tip of a magic macker. A
significant needle deflection should be observed within 3 seconds with
the function switch set at 0-20 (after shave lotion or cologne also
will make the needle deflect).

Air currents or drafts in the vicinity of the probe tip may cause
fluctuations in readings.

A fogged or dirty lamp (Section 10.0), due to operation in a humid or
dusty environment, may cause erratic or fluctuating readings.

Hoving the instrument from a cool or air-conditioned area to a warmer
area may cause moisture to condense on the UV lamp and produce unstable
readings (Section 10.0).
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A zero reading on the meter should not necessarily be interpreted as an
absence of air contaminants. The detection capabilities of the HNU are
limited to those compounds which will be ionized by the particular
probe used.

Many volatile compounds have a low odor threshold. A lack of meter
response in the presence of odors does not necessarily indicate
ingtrument failure.

If a negative deflection of the HNU meter is noted the ion chamber is
dirty and needs cleaning. The chamber may be soaked in a solvent such
as methanol in a soil bath air dried and then baked for two to four
hours at a temperature of 100°C and not exceeding 105°C.

When high concentrations of hydrocarbons enter the ionization chamber
in the HNMU a "quenching" effect takes place. Typically, it is noted by
a sharp needle movement once the flow of gas is pierced by the HNU
probe. Within one to two seconds the needle fades to zero point. To
check whether or not the quenching effect is taking place, move the HNU
probe to just outside the hole created in the foil. Get another
reading after five to ten seconds. If quenching is taking place a very
eradic needle movement will ocecur. Once an operator has seen this
phenomena it is fairly easy to recognize.

Battery Cha;ging

The battery charger is stored inside the instrument cover. To charge
the battery, first insert the mini plug of the charger into the jack on
the side of the meter, with the function switch in the OFF position.
Next, insert the charger plug into a 120VAC single phase, 50-60 HZ
outlet. To ensure that the charger is functioning, turn the function
switch to BATT. The meter should deflect full scale. The sensor probe
cable must be connected to the control panel for a battery check
response. For normal battery charging, leave the function switch in
the OFF position. The battery is fully charged after 14 hours of
charging. The charger can be left on indefinitely without damage.
Disconnect the charger from the electrical outlet before disconnecting
the mini plug from the instrument.

With the function switch turned to the appropriate range setting, the
HNU may be operated while recharging.

Probe Cleaning
During periods of operation, moisture, dust, or other foreign matter

can be drawn into the probe and form deposits on the surface of the UV
lamp and ion chamber. This causes interference with the ionization
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process and produces erroneous readings. This condition is indicated
by meter readings that are low, erratic, unstable, non-repeatable, or
drifting. In most cases, the following field cleaning procedure is
sufficient to correct this condition.

Turn the function switch to the OFF position. Disconnect the probe
cable connector at the readout panel. Unscrew the probe inlet tube
from the end cap and clean the inside of the tube making sure that the
tube is dry and lint-free when finished. A pipe cleaner, or a kim-wipe
and piece of wire, can be used. Keeping the probe upright, remove the
two screws holding the end cap in place and remove the cap and ion
chamber. Place one hand over the top of the lamp housing and tilt
slightly. The light source will slide out of the housing. Take care -
not to lose or misplace o-rings or other parts. Do not touch the
internal parts of the probe, particularly the UV lamp, with the bare
hand during cleaning or reassembly. Surgical gloves are recommended.
Clean the internal parts with a non-abrasive, lint-free raper towel
(e.g., kim-wipe) and reassemble the probe.

Documentation

Safety and survey monitoring with the HNU will be documented in a bound
field log book and retained in the project files. The following
information is to be recorded:

o) Project name and number.

o Operator's signature.

o Date and time of operation.

o Calibration gas used.

o Calibration check at beginning and end of day (meter readings

before adjustment).
o Span setting after calibration adjustment.
o Heter readings (monitoring data obtained).

o Instances of erratic or questionable meter readings and corrective
actions taken.

o} Instrument response verifications - magic marker (Section 8.0) or
similar test.
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7 Decontamination Date: 1st Qtr 1984
Title: Number: 7600
Revision: 1

1.0 General Applicability

This SOP describes the methods to be used for the decontaminization of all field
equipment which becomes potentially contaminated during & sample collection
tagk. Tho equipment may include split spoonms, bailsres, trowels, shovels, haad
augors, Oor any othor type of equipment useod during field activities.

Docontamination is performod as & quality assurance measure and a safety
precaution. It provents cross-comtamination betwoca samples and also helps to
maintain a clean working eavironment for the safoty of all field personnel
involved, including the environment.

Decontamination is mainly achieved by rinsing with liquids which include: soap
and/or detergent solutions, tap water, deionized water, and methanol. Equipment
will be allowoed to air dry after being cleanmed or may be wiped dey with chemical
free cloths or paper towols if immodiate re-use is neodad.

Tho frequency of equipment use, dictates that most decontamination be
accomplished at each sampling site betwoeca colleection points. UYaste products
producad by tho decomtamination procedures such as waste liquids, solids, rogs,
gloves, etc. will bo collectead and disposed of proparly basod on the nature of
contamination. All cleaning materials and wastes should bo storaed in a ceateal
location so as to mnintain coatrol ovor tho quantity of matoeials used and/or
produced throughout the study.

N
o

Rosponsibilities

It is tho primary recponsibility of tho site opocrations managee to assure that
the propor deocontamination procedurcs ere followod and that all waste materials
produced by decontamination ars proporly stored and digposad of.

It is the rooponsibility of tho project safety officer to draft and enforce
safety moasures which provide tho bost protection for all porsong involved
diroetly with sampling and/or docomtamination.

It is tho coopomsibility of any subecomtractors (i.o., drilling contractors) to
follow tho propor, dogigaated decontamination proceduras that are stated in
their coatracts and outlined in the Project Health and Safety Plan.

It is tho recpoacibility of all personancl involved with sample collection or

decontamination to maintain a cleam working eamviroamont and to eansure that any
contaminants arc not negligeatly introduced to tho eaviconmont. -
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3.0 Supporting Materials
o) cleaning liquids: soan and/or detergent solutions, tap weter, deionized

water, methanol

personal sgafety gear (defined in Project Health and Safety Plan)
o chemical-free paper towels |

o) disposable gloves

o waste storage containers: drums, boxes, plastic bags

o cleaning containers: plastic buckets, galvanized stesl pans

o cleaning brushes
4.0 Methods or Protocol for Decontamination

4.1 General Procedurcs

-y S O 3R S N oE e
(o]

4.1.1 Thoe exzteant of known contamination will determine to what extent the
equipment neceds to be decontaminated. If the exteat of
contamination caanot be readily determined, cleaning should be done
according to the assumption that the equipment is highly
contaminated until enough data are available to allow assessment of
the actual level of contamination.

4.1.2 Adequate supplies of all matecrials must be kept om hand. This

includos ell rinsing liquids and other materials listed in
Section 3.0.

4.1.3 The standard procedures listed in the following section can be
considered the procedure for full field decontamination. 1If
differont or more elaborate procedures acre roquired for a specific
project, thoy will be spelled out in the project work plan. Such
variations in decontamination may include following all, just part,
orf an ozpanded scope of the decontamination procedure stated herein.

4.2 Standard Procedures

4.2.1 Romove any solid particles from the equipment or material by .
brushing and them rinsing with available tap water. This initial
step is performed to remove gross contamination.

08943

ENVIRONMENTAL RESEARCH & TECHNOLOGY.INC. 696 VIRGINIA ROAD. CONCORD. MASSACHUSETTS 01742

'1 284b (12/78)



Page »f 4
' , STANDARD OPERATING PROCEDURE
s Decontamination Date: lst Qtr 1984
~ Title: Number: 7600
0 Revision: 1

4.2.2 Yash equipment sampler with the soap or detergent solution.
4.2.3 Rinse with tap water : ~
4.2.4 Rinse with deionized water
4.2.5 Rinse with mothanol
4.2.6 Ropeat eantire procedurs or any parts of the procedurae if necessary
4.2.7 Allov the equipment or material to air dry before re-using
4.2.8 Dispose of any soiled materials ian the designated dispos&l container
5.0 Specific Decontamination Procedures
5.1 Submersible Pump

5.1.1 Applicability

This procedurso will be used to docontaminate submersible pumps

botwoon ground-water sample collection points end at the end of each
day of uge.

5.1.2 Haterials
0 plastic-nalgene upright cylinder
0 5-10 galloa plastic water storago coatainces
o mothanol and disponger bottle
0 doionized wator and dispoasoe bettle
o chomical froo paper towols

5.1.3.1 During decontamination the submeesible pump will be placed
oz o clean surface or hold away from ground.

5.1.3.2 Uhon removing the submorgsible pump from each well the power
cord and discharge lino will be wiped dey using
chomical-free disposable towols.

5.1.3.3 Clean the upright plastic-nalgene cylinder with first a
mothanol and then a deionized water rinse, wiping the free
liquids after each.
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5.1.3.4 Reverse pump backwashing all removable residual water

present in the pump tubing. The pump should be shut off as

scon as intcruiltent flow is observed from the revarse
discharge.

5.1.3.5 Rinse the stainless stesl submersible down hole pump

section with a liberal application of methanol and wipe dry.

5.1.3.6 Plece the submersible pump section upright in the cylinder
and £ill the cylinder with tap water, edding 50-100 ml of
methanol for svery one liter of water.

5.1.3.7 Activate the pump in the forward mode withdrawing water
from the cylinder.

5.1.3.8 Continue pumping until the water in the cylinder is pumped
dowtm and air is drawn through the pump. At this time air
pockets will be observed in the discharge line. Shut off
the pump immediately.

5.1.3.9 Romove the pump from the cylinder and place the pump in th-
reverse mode allowing that all romovable water be
discharged on to the ground surface as discussed in Step 2.

5.1.3.10 Using the water remaining in the cylinder, rinse the sealed

portion of the power chord and discharge tube by pouring
the water carefully over the coiled lines.

5.1.3.11 vhon reaching the next monitoring well place the pump in
tho well casing and wipe dey both the power and discharge
lines with a clean paper towel as the pump is lowered.

Quality Assurancos

To agsure that docoatamination is complete, field blank samples
shall be collected using the cleaned submersible pump. These field
blanks will be subsequently analyzed for the parameters of interest
vith respoct to the geound water.

The procodure for collecting the field blanks will comprise using
the pump to withdeaw the tap woter used for decontamination, from
the plastic eylinder to sample containers. This field blank sample
collection procedure shall only be performed after the materials to
be used have been decontaminated.
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EMERGENCY RESPONSE CONTACTS AND TELEPHONE NUMBERS

LOCAL, FMERGENCY CONTACTS

Ambulance Service . . . e e e e e . e e e e e e .
Police . . . . . v v v v v e e e . . . e
Fire . . . . . . . . . .

Hospital: Los Angeles County/
Harbor UCLA Medical Center .« e e .

Location: 1000 W. Carson Street
Torrance, California

(213)

. 911
« « 911
« « 911

533-2345

Directions: Head south on Normandie to Carson Street.
The center is located on the corner of Normandie and

Carson.

HAZARDOUS MATERIALS INFORMATION

EHA-INFO . . . . . . . .

C e e e e e e . . . . (800)
Toxline . . . . . . . . . . . 0 e e e e e (301)
CHEMTREC (24-hour, emergency only) . . . . . . . (800)
ORNL, Toxicology Information Response Center . . (615)
Poison Control Center . . . . . . . . . . . . . . (800)
ENSR CONTACTS

Rich Richter, Project Manager . . . . . . . . . . (714)
Mark Wood, Site Manager and Safety Coordinator . (714)
Alice Armstrong, Regional Health & Safety Mgr . . (805)
Onsite Telephone . . . . . . . . . v v o o . . . (213)

STANDARD PROCEDURES FOR REPORTING EMERGENCIES

342-4636
496-1131
424-9300
576-1743
682-9211

476-0321
476-0321
388-3775
329-6379

When calling for assistance in an emergency situation, the

following information should be provided:
Name of person making call.

Name of person(s) exposed or injured and location.

L] o L] (-]

° Actions already taken.

Telephone number and location of person making call.

Nature of emergency and type of exposure, when appropriate.

Never hang up first when calling for emergency assistance. Wait

for the dispatch operator to finish all questions.
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HEALTH AND SAFETY PLAN
SIGNOFF SHEET

for the

AMOCO CHEMICAL COMPANY SITE

TORRANCE, CALIFORNIA

ENSR Project No. 0350-004-100

I have received a copy of the Health and Safety Plan prepared for
the above-referenced site. I have read and understand its content,
and I agree that I will abide by its requirements.

Name

Signature

Company

Date




o e
SA

APPENDIX B
STANDARD OPERATING PROCEDURE 7115
SUBSURFACE SOIL SAMPLING




STAYDARD OPERATING PROCEDURE Page: 1 of S
Date: 3rd Qtr. 1986
Title: Subsurface Soil Sampling (Split-Spoon) Number: 7115

Revision: 2

1.0 General Applicability

This SOP describes the methods used in obtaining subsurface soil
samples for identification of soil grain-size distributions,
stratigraphic correlations, and chemical analysis (if required).
Subsurface soil samples are obtained in conjunction with soil boring
and monitoring-well installation programs and provide direct
information as to the physical makeup of the subsurface environment.
This SOP covers subsurface soil sampling by split-spoon only, as this
is the means most often used for obtaining samples from unconsolidated
deposits. (See also, SOP 7220 - Monitoring Well Construction).

2.0 Responsibilities

It shall be the responsibility of the contract driller to provide the
necessary materials for obtaining subsurface soil samples. This
includes the split-spoon sampler and sample containers (sized according
to project requirements) as well as the appropriate boring logs. It is
the contract driller‘'s responsibility to maintain a complete set of
boring logs for the record. Standard Penetration Tests (SPT) (ASTM:
1586-67) will be conducted by the contract driller if required by the

project. Equipment decontamination shall also be the responsibility of
the driller.

It shall be the responsibility of the project geologist/engineer to
observe all activities pertaining to subsurface soil sampling to ensure
that all the standard procedures are followed properly, and to record
all pertinent data on a boring log. It is also the
geologist/engineer's responsibility to indicate to the contract driller
at what specific depth samples shall be collected. The
geologist/engineer will maintain custody of all samples until they are
shipped or delivered to their appropriate destination.

3.0 Supporting Materials

In addition to those materials provided by the contract driller. the
geologist/engineer will provide:

sample bottles and labels
boring logs

field notebook
chain-of-custody forms and tape

O O0O0Oo
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4.0 Methods or Protocol for Use

4.1 General Procedures

The sampling depth interval is typically one (1) sample per every five
(5) vertical feet with additional samples taken, at the discretion of
the project geologist/engineer, when significant textural, visual or
odor changes are encountered.

The following are the standard procedures to be used in advancing
casing and obtaining soil samples.

Specific requirements described in a project's task plan may call for
deviations in the standard procedures but these will be taken into
account on a project by project basis. Any deviations from specified
procedures will be recorded on the boring log or into a field notebook.

4.2 Standard Procedures - Advancing Casing

4.2.1 The casing shall be advanced to the required depth. All

loose material within the casing shall be removed prior to
sampling. The casing shall be advanced according to
project requirements. Borings are typically advanced by
two methods, drive-and-wash casing, and hollow-stem
augering. The casing shall be of the flush joint or flush
couple type and of sufficient size to allow for soil
sampling, coring, and/or well installation. All casing
sections shall be straight and free of any obstructions.
Hollow-stem augers or solid flight augers with casing may
be used according to specific project requirements as
described in the project task plan. If hollow-stem augers
are to be used, the bit shall be equipped with a plug
device to be removed at the required sampling depth.

For those borings which encounter obstructions, the casing
shall be advanced either past or through the obstruction by
drilling, mechanically fracturing, or blasting (if
required). If the obstruction is bedrock, a rock core
shall be taken according to project requirements and

following the standard procedures for rock coring (SOP i
7210).

The use of recirculated water shall not be permitted when
casing is being driven, unless specified in the project
task plan, directed and properly documented (in field
notebook, logs) by the geologist/engineer.

ERT
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If recirculated water is used all loose material within the
casing shall be removed by washing to the required sampling
depth using a minimum amount of water. Care shall be taken
to limit recirculation of the wash water to those times
vhen the water supply is extremely limited or unavailable.

4.3 Standard Procedures - Soil Sampling

Subsurface soil samples shall be obtained using a
split-tube type sampler (split spoon) having a 2-inch 0.D.
with a corresponding 1 3/8-inch I.D. and a 18- or 24-inch
long sample capacity. It shall be equipped with a ball
check valve and may require a flap valve or basket-type
retainer for loose-soil sampling. Sampling frequency will
be as stated in Section 4.1, or as otherwise specified in
the project task plan.

Sampling depth shall be independently determined by the
inspecting geologist, and any discrepancies shall be
resolved prior to obtaining the sample.

Samples shall be obtained using the standard penetration
test (SPT), which allows for determination of resistance
within the deposits. The sampler shall be driven using a
140-pound hammer with a vertical drop of 30-inches using 1
to 2 turns of the rope on the cathead. A certificate
indicating exact weight may be required for documentation
purposes. The number of hammer blows required for every 6
inches of penetration shall be recorded on the boring log.

The sampler shall be immediately opened upon removal from
the casing. If the recovery is inadequate, another attempt
shall be made before drilling progresses. Adequate
recovery should be no less than 12 inches, not including
any residual wash material brought up with the sample.

The sample shall be split if necessary, placed in the
appropriate container, labelled, and placed in the storage
box. The boring log and the sample container/label should
contain the following information for each sample: site
name, boring location, depth, blow counts, recovery, sample
number and collection date. The type of material shall be
indicated in the boring logs and will be described using
the Unified Soil Classification System (ASTM: D2487-69 and
D2488-69).

The sampler shall be cleaned with water between attempts in

order to prevent cross-contamination. If further

decontamination is required, SOP 7600 shall be consulted.
ERT

696 Virginia Road, Concord, Massachusetts 01742
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4.3.7 Proper procedures for delivery to the designated laboratory
shall be initiated when all samples are collected. This
includes packaging, shipping with sample logs, analysis
request forms, and chain of custody forms.

5.0 Documentation

Various forms are required to ensure that adequate documentation of
each sample is followed and will include:

- sample logs

- boring logs

- chain of custody forms
~ shipping forms

In addition, 5 field log book will be kept as an overall log of all
samples collected throughout the study. All documents are retained in
the appropriate project files idefinitely. It is important that all

field documentation be as complete as possible to ensure traceability
(QA/QC requirements).

ERT
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1.0 Purpose and Applicability

This SOP details the considerationi'necessary to conduct field
analytical screening of organic contaminants using a portable gas
chromatograph (GC). The scope of this SOP is limited to general
procedures necessary to properly understand and organize field

screening programs and to emnsure that the collected data are of
acceptable quality.

Definitions

Gas Chromatorraphy - A method of separating the constituents of a -
sample for subsequent identification and quantification. A sample is
injected into the instrument vhere it ig volatilized and carried
through a separating column by an inert carrier gas. Each separated
component leaves the column and enters the detector where it creates an
electronic signal.

— The separation of . sample components is
achieved in the chromatographic column. The column conseists of a tube
vhose tendency to retain or pass a compound carried into it by a
carrier gas stream will vary depending on properties of the compound.

‘'The tube may be either glass, stainless steel or Teflon®. Two types

of analytical columms exist - packed columns and capillary columns.

Caxzier Gas — The gas used to transport a gaseous sample through a
chromatographic column to the detector of a gas chromatograph. In the
Photovac Model 10S50 this air must contain less than 0.1 ppm total
hydrocarbons. Thiz type of gas is commonly referred to as "ultra zero

grade' or "hydrocarbon free’ air. "Zero grade" air is not recommended
by Photovac.

- A detector in which a voltage is
produced through ionization of a special carrier gas, usually nitrogen
or argon/methane, and organic compounds (esp. PCBs, allkyl halides,
carbonyls, nitriles, nitrates, and organometals) are detected through
their capacity to absorb electrons and therefore impede electrical
current. The resulting reduction in electrical current is monitored by
an electrometer and is displayed as a positive signal on a meter or
strip chart recorder. The detector is virtually insemnsitive to
aliphatic hydrocarbons, alcohols, and ketones.

ENSR Consulting and Engineering
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Flame Tonization Detector (F - A detector im vhich colecules are
ionized in a hydrogen flame. The icns and electroms formed decrease
electrical resistance in a gap betveen two electrodes and permit the
flov of curremnt, which is amplified and displayed om a meter or strip
chart recorder. .

Photoiopization detector (PID) - A detector that uses am ultraviolet
light source to ionize individusl constituents. Gaseous contaminants
are ionized as they emerge from the column and the ions are then
attracted to an oppositely charged electrode, resulting in an
electrical curremt vwhich is amplified and measured on a numerical scale
(meter readout) or recorded om paper (strip chart).

Beadspace - The air space above a soil or aqueous sample in a closed
container into which organic compounds can volatilize. For example,
when a VOA vial is three quarters filled with water or soil, the
remaining quarter of the vial is headspace. The air from the headspace
(after agitation) is sampled in the portable GC. Only gaseous
headspace (no liquids) normally can be injected into portable GCs
because of the absence of heated injection ports. CAUTION: The
Photovac 10S00 series of portable GCs cammmot accept liquid sa=ples.

‘Reteption Time - The total timec required for a chemical component to

elute off a chromatographic column. The retention time is measured
from the time of injection until detector_ response.

Standaxd - A known reference chemical compound. The standard can be in
a vapor state in a VOA vial or in a Tedlar® bag. If the portable GC
is equipped with heated injection ports, standards in distilled water
or methanol can be used. The concentration of the standard is usually
knovn and, if so, can be used to perform quantitative analysis. After
the vial has been agitated and the headspace has reached equilibrium
wvith the liquid, a syringe is used to withdrav a predetermined volume
of the headspace gac. The headspacec aliquot cam them ba injected onto
the colum for chromatographic analysis. Comparisom of the retemtion
times of the standard to the retention time of unlmowm sample peaks
tentatively identifies the unknowvn sample peaks.

Muffled Soil - Soil that has becen baked in a 400° muffle furnace for &4
hours to remove volatile oxrgamics.

n)agi Jrrpnic Compoumds )C) - Hydrocarbon-based chemicals that are
characterized by low boiling points and high vapor pressures.

ENSR Consulting and Engineering
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Elute - To remove sorbed materials (chemicals) from a sorbent (columm)
by means of a carrier gas. A compound is said to elute when it emerges
from the outlet end of the chromatographic column into the detector.

lonization Potential (IP) - The energy level at which ionization of a

compound occurs. This is generally expressed as electron volts (eV).

Health and Safety Considerations

Health and safety considerations arc dependant on gite logistics, the
nature of the contaminated material, the chemical parameters to be
analyzed, and the type of gas chromatograph. The manufacturer's

instructions and the project Health and Safety plan should be consulted
for specific requirements. '

Standard laboratory safety practices should be followed when handling
chemicals and using equipment (e.g., syringes, compreased gas
cylinders). Appropriate personal protection should be worn when
necessary. If a mobile laboratory is used, the laboratory should be

adequately ventilated and properly equipped (e.g., fire extinguisher,
eyewash, gpill kit).

‘Quality Assurance Planning

The following items depend on site logistics, site-specific chemistry,
the nature of the contaminated media to be studied, and the objectives
of the study. Eack topic must be conmasidered and addressed in the
planning of the field program.

Basic Quality Assurance procedures for QC analyses are outlined in
Section 9.0.

4.1 Training

All field technicians performing gas chromatography must be
properly trained in the chromatographic principles employed, the
project data objectives, ssmple preparation procedures, health and
safety procedures and the project QA procedures.

4,2 GC Laboratory Environment

When specific concentration data are needed, non-portable GC
eguipaznt can be set up in a mobile laboratory. The mobile
laboratory may be inside a van or office trailer. Consequently,

ENSR Conﬁulting and Engineering
9899-999-030
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the space which will be available in vehicles at the site must be
carefully considered, as it may dictate the type of GC which will
be used to perform analyses. Unless mobility is critical to the
field program, it is preferable to establish the field laboratory
inside a building at the site, if one is available.

Laboratory type gas chromatographs, like other electronic
instrumentation, function best in a temperature=controlled
environment. The colder the ambient temperature, the longer it
takes for the instrument to warm up, and the slowver the ingtrument
response time. In addition, operational problems are encountered
more frequently at extremcly high or lov ambient temperaturegs. It
is therefore best to operate the instrument in an environment
which comes as closc to the range of S55°F - 80°F as possible. If
analyses are being performed in the back of a van, it may be
necessary to have the vehicle's heat or air conditioning on
continuously in order to maintain the air temperature. However,
the vehicle'’'s exhaust emissions must be vented avay from the
analytical activities, or severe background interference may be
experienced. For long-term projects conducted in the wvinter or
summer, it may be necessary to conduct analyses in a heated or
air-conditioned insulated trailer.

Yhen using laboratory instruments without a heated colum in a
field office, changes in ambient temperature will result in
changes in compound retention times. Therefore, the ambient
temperature should bz monitored, and precautions taken to minimize
fluctuations in the temperature of the operating environment. For
ingtance, the GC should not be placed near the door of the
vehicle, near the.heating unit, or near the air stream from an air
conditioner.

Calibration Standardg

The analysis of standards serves twvo purpoges egoential to
successful gas chromatography:

i) establishment of columm retention time windows for target
compounds to facilitate their identification; and
2) development of response factor data that can be used in

quzn¢ifying regponses observed during sample analyses.

ENSR Consulting and Engineering
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To achieve the first objective, standard mixes must contain
mweasurable quantities of all of the compounds to be identified.
Further, it must be remembered that slight changes in column
conditions (e.g., temperature, carrier gas flowrate) can produce
dramatic changes in retention times. Retention time standards

should be analyzed frequently if column conditions are not
constant.

The second objective requires that the concentrations of the
calibration standards be accurately knotm. For some detectors
(e.g., PID) reliable relative response information exists that can
be used to determine the response factor of ome compound from the
response factor of another. For cxample, if a GC/PID is being
used to measure benzene, toluenc and xylene, the calibration
standard should contain all three compounds, but only the -
concentration of benzene in the calibrant need be accurately
known. Recoponse factors for toluene and xylene can be derived
from the benzene response factor using experimentally proven
relative response data. This may be done only when reliable
relative response data exists.

Standards used in the field should be:

- of the same medium (matrix) as the samples
- in & range of concentrations, such that one standard has
. approximately the same concentration as is expected in

samples, and one standard is just above the expected limit
" of detection. At least one additional standard having a
concentration between the other two should be included to
monitor linearity.

Vhen orly relative concentration data are needed, such as when
performing so0il gas sampling, pre-packaged standards may be used.-
Another approach is to add a movm aliquot of a compound of
interest (or the actual product being sought in the so0il) to a
Tedlar bag filled with carrier gas.

Equipment
Instruments
There are numerous gas chromatographs on the market; the choice of

instrusent will depend on the anaiytes of interest, field
conditicns, sad space limitations. Instruments not available

. ENSR Consulting and Engineering
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within ENSR may be leased from outside wendors. Adequate plamuing
is required in order to be certain that the desired ingtrument
will be available when necded. Portable and transportable gas
chromatographs are available with a vide variety of options.

Qvens

Analyses can be run on a heated colum by using either an
isothermal or temperature-programmable oven. Heated columns will
shorten analysis time; and since the temperature is held constant,
a8 heated column will help to eliminate the changes in retention
times associated with changing ambient air and columm

temperature. For certain analygseg, such as a mixture of PCBs, it
is advantageous to use temperature programming during the course
of an analysis to decrease the retention time of slow—eluting
compounds (e.g., Aroclor 1260).

Quiput

Output from the gas chromatograph can go to either a strip chart
recorder or an integrator, either of which may be integral to or
scparate from the instrument. An integrator offers the advantage
of more accurate peak quantitation and the ability to store
calibration data. Usec of a strip chart recorder necessitates
manual measurement of peak heights and retention times, which can
be ‘time consuming. In the case of the Photovac Model 10S50, an
onboard integrator outputs integrated peak heights in umits of
millivolts per second.

Input

Sampleg can be introduced into a GC via manual injection with a
syringe (for ome type of headspace analysis), or through automated
sampling devices such ac a pump (for air or soil gas sampling) or
an auto sampler (for liquid samples in quantity). The device used
vill depend on the type of analysis being performed.

Columms

A packed column congists of a tube packed with an inert solid
material supporting a thin film of nonvolatile liquid. Packed
columns vary according to their length, diameter, and packing
material. Packed colums may be made of teflon, stainless steel,
or glass, gemerally have an outer diameter of 1/4 or 1/8 inch, and

ENSR Consulting and Engineering
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are usually about 4 to 6 feet in length. Packed columms may be
used for either ambient or high temperaturec amalyses; a stainless
steel or glass columm must be used when the column will be heated.

Capillary columns are composed of fused silica or borosilicate
glasz, vary in length from 15 to 30 meters, and vary in inner

- diameter from 0.25 mm to 0.75 wmm. Capillary columms are generally

used in conjunction with an oven. Capillary columms do not
contain a packing material, but rather a thin film or coating on
the inner wall vwhich acts similarly to retain compounds in the
column. Capillary columns yield sharper peaks and better
resolution than paclked columns. They are used when it .is
necessary to attain high resolution of a mixture of different
compounds ,

It is difficult to predict wvhich type of column will yield a
faster analysis time. Analysis timc depends on the length and
temperature of the column, the flow rate of the carrier gas, and
the density of the packing material.

The reader should refer to a catalogue of chromatography supplies
(e.g., Supelco), or the specific operating guidelines for the
instrument being used, in order to determine which type of column

~ would be —ogt suited to a given application.

Detectors

The choice of detector for a given instrument depends on the
enalytes of interest. Photoionization detectors (PID) are used
for analysis of volatile organics, particularly aromatics. Flame
ionization detectors (FID) are used for analysis of a wide variety
of volatile and semi-volatile organic compounds. Electron capture
detectors (ECD) are used for the analysis of halogenated
compounds, particularly PCBs, pesticides, and chlorinated
solvents. The type of detector desired is likely to be the main
factor in determinimg instrument choice, as many portable field
GCs do not have interchangeable detectors.

The Photovac 10S50 model portable GC is controlled by an onboard
computer, programmable by the instrument operator. It is critical’
to assure that the progras beimg used is compatible with the
objectiven of the samplimg effort.

ENSR Consulting and Engineering
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5.0 Responsibilities

6.0

The project manager is responaible for:

o organizing all of the instrumentationm, supplies, and instruction
menuale necessary to conduct analyses in the fields
o ensuring that all personnel scheduled to perform field analyses

have been properly trained in sample preparation, instrument
operation, and quality assurance procedures;
o maintaining proper records of all field screening data generated:

o ensuring that equipment and procedures are applied in &
technically valid manner.

The field technician is responsible for:

o proper operation and calibration of instrumentation in accordance
with equipment manusls and the project work plan:
o complete and accurate documentation of field activities, including

sampling methods, instrument calibratioms, and analysis resuits.

The equipment coordinator is respomsible for:

0 Storage of equipment in a limited access area;

o Igsuance of equipment to project personnel;

o Maintenance of equipment in accordance with the manufacturer's
recommended schedule and procedures; '

o] Documentation of equipment repairs, preventive maintenance, and
use.

Applications

Common applications of field screening using portable gas
chromatographs arc air monitoring, soil gas monitoring, and screening
of soil and water samples. Headspace analysis can be used during
drilling of monitoring wells to obtain information about the vertical
distribution of contaminants. Analysis of ambient, or breathing zome
air samples can be used to momitor the gafety of personnel in a work
area. Screening of volatiles in goil i3 of use during soil excavation,
as it provides an omsite determination of whem the ‘excavation has
reached am acceptable levei of contamination (contaminant
concentration). In some casen it is also practical to use similar
methods in co<binatios with gimple extraction procedures to screen for
certaier semi-volatile cowpowmds (eg., PCBs).

ENSR Consulting and Engineering
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Soil gas sampling can be accomplished using a specially designed vapor

. probe which is manually inserted into the soil. This technique is

useful in cases where heavy equipment used to conduct soil borings
would not be appropriate. This type of field screening is useful for
determining the relative contaminant concentrations (nmondetectable,
lov, medium, high) at sites. This is a cogt—effective approach to

collecting data for detecting volatile contamination and for directing
s80il boring locations.

Field screening data are best used to determine the presence or absence
of detectable quantities of certain materials, and to develop general
information about their distribution at a site. Limitations inherent
in field screening techniques include the following:

o This method does not provide definite identification of specific
constituents (compound-specific data).

o] Generally, only qualitative or semi-quantitative screening data
can be obtained. Preparation and analysis of accurate standards
can be difficult under field conditions. :

Sample concentrations obtained through field screening with a portable

‘gas chromatograph usually must be considered approximate, as they may

vary dramatically from the "true" sample concentrationm, particularly
near the detection limit.

If the gas chromatograph is equipped with an oven that controls colum

temperature, quamtitative data cam be obtained through careful
calibration with certified standards. -

Required Materials

The folloving list identifies the type of equipment and supplies which
may be necessary to use gas chromatography in the field. Exact
equipment needs will be project-specific and will be detailed in the
technical instructions for cach type of analysis and in the '

project-specific work plan. This will be particularly true for mobile
laboratories.

o] Portable gas chrowatograph
o flovmeter

o carrier gas, with <0.1 ppm total hydrocarbons (usually in
compreased gas cylinders) '
o 2-stage wegulator, oxr £ill tuwbe

ENSR Consulting and Engineering
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8.0 Procedures

syringes (liquid and gas-tight with side-port needles)
VOA vials for headspace analysis

pre-prepared standards (air, headspace, or liquid)
notebook for chromatograms

thermometer (0-100°C)

external battery for GC

Tedlar bags

soil gas probe and comnective Teflom tubing

8.1 Preparation of Standards

8.1.1 Air Standards

It is necessary to use an air standard when analyzing air
samples or performing soil gas surveys. Air standards can
either be made up by the GC operator, or purchased in
pre-made calibrant gas canisters from a manufacturer.
Pre-made calibrants in compressed gas cylinders are
desirable, but often cannot be obtained for the appropriate
compound(s) in the desired concentrations. It is often
necessary to prepare calibrants in the field.

The technique of making air standards requires the use of a
Tedlar gas-tight bag, a liquid syringe, a supply of
high-purity coopressed air (ultra-zero air), a flowmeter, a
calculator, and a supply of the volatile organic compound
of interest. This method is only feagible for standards
containing volatile organic solvents, as the liquid must
completely volatilize once it is injected into the bag.

Using this method, the Tedlar bag (or equivalent container
from which samples can be taken with a syringe) is filled
vith a known quantity of high-purity air. To meagure the -
quantity, the air should be fed from the compressed gas
cylinder or pump through a flowvmeter (e.g., dry gas meter),
then through a charcoal column and into the bag. A dry gas
meter will provide a direct volume meagurcment and does not
require pover. A knowm volume of cleam air can also be
obtained by using a calibrated battery—operated
conptant—flov puwp (e.g., a personal sampling pump) to pump
air through & charcoal colu=n and into the Tedlar bag.
Here, the volume is measured by pwmping a¢ a known flowrate
for a known time interval, measured with a stopwatch. A
third option is to use a calibrated critical orifice

ENSR Consulting and Engineering
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betveen the compressed gas cylinder regulator and the
Tedlar bag. As long as sufficient pregsure drop across the
critical orifice is maintained throughout, the orifice's
calibrated flovrate and the time interval (measured by
stopvatch) will dictate the knowm volume.

A known quantity of the compound of interest is then
injected into the bag and alloved to volatilize. The
desired volume of standard is them withdrawm from the
sampling port in the bag using a gas-tight syringe, and
injected into the GC; or by oonnecting the bag directly to
. the calibrant intake on the GC (Photovac) with teflon
tubing. ' .

The problem with making standards in this manner is that it
is difficult to ensure the standard concentration

accuracy. The gas-tight bags may leak, or may be permeable
to some gas constituents, and therefore may degrade with
time. It is prudent to make up a fresh standard each day,
and even 80, a change in standard concentration may be
noticed through the course of a day. In addition to
inaccuracies due to the leaks and permeabilities, the
actual amount of liquid solvent injected into the bag may
vary due to a small amount of evaporation from the syringe
needle before it is injected into the bag, or incomplete
delivery of the solvent from the syringe.

The equation used to calculate the volume of a liquid
standard that must be injected into a tedlar bag to produce

the desired concentration gas standard is expressed as the
following:

TxMxV 3*
—_—— 8 -
Io D x vm x 10
1
vhere: I = the required injection volume in ul
T o the target concentration in ppm
M = the molecular weight in g/mol
Vg = the systeao (tedlar bag) volume in L
D = the demsity of the liquid compound in g/ml
Vm = the colar volime L/mol
1

vgee figure 2 for derivation of calculation
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